The Davis, California National Clonal Germplasm Repository (NCGR) houses most Mediterranean-adapted fruit and nut crop collections in the U.S., including grapes (Vitis). The NCGR is part of the USDA National Plant Germplasm System (NPGS). Our missions are to acquire, preserve, characterize, and distribute germplasm resources of our designated crops (http://www.ars.usda.gov/pwa/davis/ npgs). It is NPGS policy to distribute plant material, free of charge, to research interests around the world. The NCGR grape collection includes >2800 different accessions, including one of the world's finest Vitis species collections, -.600 V vinifera wine grape varieties, and -600 V i'inifera table grape varieties. Our sister repository in Geneva, NY houses the cold-hardy grape collection. At the Davis NCGR, genetic markers have been used intensively to assess diversit y, relatedness, and trueness to type within the collection. To date, DNA microsatellite and AFLP fingerprinting has been conducted on more than 700 NCGR grape accessions, including 366 V vinifera. Examination of genetic relationships across numerous Vitis species revealed genetic affinities roughly corresponding to taxonomic distinctions derived morphologically. Proper identification is a key concern since individual grape cultivars have been widely dispersed, with many synonyms, and often the same name used for different cultivars. Except for known or presumed bud-sports, a standard eight microsatellites have uniquely identified each genotype tested. Recent fingerprinting for V vinifera in European national collections should make it possible to verify identity of many of the J' vinifera varieties in our collection. We will complete standard fingerprinting of named cultivars in our collection by 2008.
INTRODUCTION
The U.S. National Plant Germplasm System is a component of the Agricultural Research Service of the United States Department of Agriculture (USDA). The National Clonal Germplasm Repository (NCGR) in Davis, California is one of 27 sites in the U.S. National Gerrnplasm System, and is one of nine repositories that emphasize clonal materials. The NCGR houses most of the Mediterranean-adapted fruit and nut crop collections in the U.S., including grapes. Our missions are to acquire, preserve, characterize, and distribute germplasm resources of our designated crops.
The Davis NCGR collection houses the world's largest grape species collection, including 46 Vitis species and totaling around 700 accessions. We also maintain a collection of over 1,200 accessions of V vinifera, about half of which are "wine grapes" and the other half "table grapes". In addition, we have over 900 designated hybrids, ranging from recognized "French hybrids" to Iabrusca types and breeders' selections. Our collection is further complemented by -100 k rotundifolia cultivars, wild collected material, and breeders' selections.
Our V vinfera collection includes cultivars from the following geographic areas: 167 accessions from France, 159 from Greece, 139 from Italy, 65 from Afghanistan, 61 from Germany, 46 from India/Pakistan, 24 from Hungary, and 16 from North Africa. Where possible, we will compare the SSR fingerprint data from our accessions with those from "type" national collections to verify the identity of Davis NCGR cultivars.
MATERIALS AND METHODS
Simple Sequence Repeat (SSR) loci were used for analysis of accessions from the repository using standard fingerprinting techniques as reported in Aradhya et al. (2003a) .
RESULTS AND DISCUSSION
Genetic Structure and Differentiation in J'itis vii,ira L.
Eight Simple Sequence Repeat (SSR) loci, VVS2 (Thomas and Scott, 1993 ), VVMD5, VV16, VVMD7, VVMD27, VVMD28, VVIvID3I, and VVMD32 (Bowers et al., 1996 , 1999 were used to fingerprint 222 cultivated V vinifera and 22 wild I' vini/èra ssp. sylvestris (Aradhya et al., 2003a) . Extensive genetic polymorphism and high levels of heterozygosity were observed among the accessions. All eight loci assayed were polymorphic with the number of alleles per locus ranging from 5 for VVMD6 to 19 for VVIWD28, with a total of 94 alleles among the accessions assayed.
Multivariate relationships among accessions revealed 16 genetic groups structured into three major clusters supporting the classical eco-geographic grouping of grape cultivars, occiden ta/is, pontica, and orienta/is (Negrul, 1938) . French cultivars appeared to be distinct and showed close affinity to the wild progenitor, V v. ssp. sylvestris from southwestern France (Pyrenees) and Tunisia, which may reflect the origin of domestication for many traditional French wine cultivars. Associations revealed in this analysis are consistent with other reports of known or presumed parent-progeny relationships.
All eight loci assayed were polymorphic in all 16 groups produced by the cluster analysis. The gene diversity analysis revealed narrow divergence among groups and that most variation was found within groups (85%). The overall organization of genetic diversity suggests that the germplasm of cultivated grape represents a single complex gene pool and that its structure is determined by strong, artificial selection and a vegetative mode of reproduction.
Genetic Diversity and Classification within < vimfera Table Grapes
Analysis of 40 seedless table grape cultivars using eleven highly polymorphic SSR loci confirmed several known synonyms, discovered a previously unknown synonym, and disproved an alleged synonym in the literature (Dangi et al., 2001) . The data was consistent with known parentage, where such data was available. Two mislabeled vines in the collection were identified. Cluster analysis grouped the cultivars loosely into three groups: a group of nine, mostly Middle Eastern cultivars, a group of 22 accessions mostly from Russia and Afghanistan, which were morphologically similar to 'Thompson Seedless', and a third very loose group of 11 accessions consisting mostly of eastern European wine grape cultivars.
Genetic Variability and Differentiation within and between European and Asian Grapes
In this study, 159 varieties representing the three eco-taxonomic groups, pontica, occidenta/is, and orienla/is, along with a fourth group comprising 58 varieties from Turkmenistan, were analyzed for genetic diversity and relationships using 17 polymorphic SSR markers (Aradhya et al., 2003b) . In the cluster analyses, the western European wine grapes, along with a few central European ones, formed three distinct groups. Several distinct groups contained both the West Asian and Turkmenistan grapes, with some subgroups exclusively containing Turkmenistan varieties. However, the majority of the central European groups were closely aligned with the Asian grape omups The distance Wagner tree (Swafford, 2001 ) suggested two close affinities, one \ ith West Asian and Turkmenistan varieties and the other with the European groups. Although four groups exhibited overlapping distributions in the principal components analysis, there also appeared to be non-overlapping zones containing individuals from distinct groups, and the central European group was somewhat inteniiediate and found interlocked among the remaining three groups. The groups appeared similar in the mean number of alleles, which ranged from 7.1 for the Turkmenistan to 7.5 for the central European group, and the expected levels of heterozygosity ranged from 0.744 for the central European group to 0.717 for the Turkmenistan and western European group. However, the groups differed significantly for allele frequencies and composition across the 17 loci assayed. The FST, which is a measure of genetic differentiation among groups, accounted for nearly 84% of the total variability with only 18% residing within groups.
Transportability and Phylogenetic Utility of SSR Markers in the Genus fltis
Transportability of SSR markers within and among cultivated and wild species of grapes was tested (Aradhya et al., 2003c) . Altogether, 304 accessions representing 44 taxa, including the cultivated V vinifèra, its putative progenitor, ssp .svlvestris, and three taxa of Muscadinia, were analyzed using ten SSR markers known to be polymorphic in V vinifira. The cluster analyses revealed several affinities roughly corresponding to the Seven taxonomic series recognized based on morphological criterion within the New World group (Munson, 1909) . The series Labruscae appeared diverse with some of its members closely aligned with other series and some even with Chinese taxa. The cultivated grape and its putative progenitor, ssp. svlvestris, showed a close relationship with the series Labruscae. The Chinese group revealed significant genetic differentiation with as many as three major affinities along with some taxa showing strong relationships with many American taxa/series. The subgenus Muscadinia formed a distinct group basal to the subgenus J7tis. The distance Wagner tree, based on the Prevosti distance among different taxonomic series and Asian taxa with Muscadinia as outgroup, revealed two major affinities: (1) Lahruscae-Vulpinae-Precoces affinity; (2) Aestivales-Vinijèrae-Cinerascentes-Occidentales affinity combined with the Asian group. Overall, the genetic structure suggests the existence of complex subdivisions within and between taxa and taxonomic series of the genus Vitis.
Utilization of Markers in Collçction Management
Since SSR marker analysis revealed that most variation in V vinifera (-85% ) is common to all the genetic groups, only minimal gains in variability are likely through extensive collection of varieties from diverse ceo-geographic sources. Unique cultivated genotypes and wild V vinira (ssp. sv/vestris) appear likely to be the sources of new alleles in cultivated V vini/ra, apart from the slow process of bud mutation. Therefore, enhancing a collection of diverse wild grape gerrnplasrn appears to be the most important source of new unique alleles. International adoption of a uniform set of six SSR markers greatly enhances the ability to compare NCGR accessions with fingerprints from "type" collections around the world and verify accession identity. Trueness to type is being confirmed for French, Portuguese, and Spanish accessions in the NCGR collection by comparison with fingerprints from respective national collections. We welcome similar opportunities with other cultivars in the NCGR collection.
V vinifera Mapping Population
A mapping population of 159 Fl individuals from a cross between 'Riesling Clone 3' x 'Cabernet Sauvignon Clone 8' is maintained at the Davis NCGR. This cross was made in 1994 by Drs. Carole Meredith and Andy Walker of the Department of Viticulture and Etiology, U.C. Davis. This population is the basis for a framework linkage map adopted as a reference map by the International Grape Genorne Program (Riaz et al., 2004) . This map could serve as a platform to merge maps from different laboratories and crosses to develop a consensus map. The DNA from this population is available to grape researchers who are interested in grape genome mapping projects.
New Acquisitions and Distribution from the Ncgr Vilis Collection
We are committed to acquiring additional material and are very interested in learning of opportunities, with a special interest in protecting collections that may
